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ABSTRACT 
Geochemical investigations of the primary and secondary kaolins from the Lower Silesian 
deposits yielded the unusually high contents of Pb, Sr and Ba as compared with the other trace ele-
ments. Concentrations of Pb, Sr and Ba sometimes reach values over 1000 g/t. Maximum contents 
of those elements in the secondary kaolin from the deposit Maria III were found in the grain class 
<2/zm, whereas in the primary kaolins developed both from the Strzegomand Strzelin granitoids 
often two different grain classes of each sample of kaolin bear high concentrations of Pb, Sr and Ba. 
An attempt was made to determine the mode of occurrence of those elements, using the trans-
mission electron microscopy and electron microprobe method. 
Single grain preparations and their replicas obtained by the controlled etching of kaolins with 
hydrofluoric acid were applied for electron microscopy. In addition to the main minerals easily 
dissolving in HF (kaolinite, quartz, micas) and accessory ones resistant to the etching (anatase, 
rutile), the third kind of grains was found, being etched only in part. The latter were analysed by 
electron microprobe method. The obtained spectra bear intensive excited X-ray radiation with 
wavelengths typical of Al, Pb, Sr and P, and moreover, sometimes weaker radiation of Ce, La, 
Ba and Ca. 
Analysis of the chemical composition and characteristic morphological features of the studied 
grains proved that in the fine grain classes of kaolins commonly there occur minerals from the 
groups goyazite SrAl3[(P04)2(0H)5]. HaO and plumbogummite PbAI3[(P04)2(0H)5] • HaO. 
Chemical composition of the individual grains of the discussed mineral groups, all derived 
from the same kaolin specimen, suggests that strontium and lead may replace diadochically one 
another, resulting in the series of solid solutions, with a participation of phosphate molecules bear-
ing La, Ce, Ba and Ca. 
INTRODUCTION 
The kaolin deposits occur in Poland mainly in the area of Lower Silesia. They 
are genetically associated with the weathering processes of the rocks of thé crystalline 
substratum. The most valuable deposits of primary kaolins are developed on the 
granitods and gneisses of the Strzelin and Strzgom area (the Boleslawice and Wyszo-
nowice deposits). Weakly compact kaolinite sandstones of Santonian ?g; in the 
Boleslawiec basin (the Maria III at Nowcgrodziec and Zofia at Czerwona Woda) 
are secondary deposits and are of great economic importance. 
The main minerals of kaolins i. e. kaolinite, quartz and micas occur in all 
kaolins but in variable proportions what depends on the origin of the deposit. Be-
side of the above minerals there are many subordinate ones in the Lower Silesian 
kaolins. Those are feldspars, secondary micas, chlorites, smectites, iron carbonates and 
iron sulphides, iron oxides and titanium oxides and sometimes also unaltered acces-
sory minerals of parent rocks such as zircon, titanite, apatite, epidote etc. (WIEWIÔRA, 
1973, STOCH, SIKORA, 1975, SZPILA, 1976a], 
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Secondary minerals of the kaolins are not satisfactorily recognized as concerns 
mainly small grains (of the order of 1 fxm), that are difficult to separate and identify 
by classical methods of phase analysis. Their kaolin content is small but during the 
enrichment process of the kaolins they concentrate in the smallest fractions and ne-
gatively influence the quality of the kaolin raw materials. These minerals carry many 
elements that colour the kaolins and make their whiteness worse [SZPILA, 1970, 
1973, 1976a, 1976b]. 
An attempt is undertaken in the present paper to identify the accessory minerals 
occurring in the smallest fractions of various kaolins and to determine the form of 
their occurrence. Samples of primary kaolins from the Boleslawice and Wyszonowice 
deposits and of secondary kaolins from the Maria III and Czerwona Woda deposits 
have been chosen for the examination. The fine fractions of those samples are charac-
terized by increased content of Fe, Ti, Pb, Sr, Ba and other elements. These fractions 
were carefully studied under the electron microscope and the selected grains were 
analysed by microprobe method [SZPILA, DZIERZANOWSKI, 1978]. Suspension 
preparates and replicas obtained from suspension preparates after previous etching 
in HF have been used in electron microscopic studies. The observations were carried 
out using the Tesla BS 613 transmission electron microscope and the microprobes — 
analysis using the JEM—1000 microscope equipped with electronic X-radiation 
spectrometer of Link system with semiconductor detector Si (Li). In order to identify 
the accessory minerals morphologic features of the particular grains were used as 
well as their resistance to etchirg by HF, the results of microprobe analyses, and in 
some cases also thé electron diffraction imrg;s obtained from grains that were partly 
etched. Some samples were enriched in heavy minerals by flocculation method and 
the obtained concentrates were then analysed by X-ray diffractometer. 
RESULTS OF INVESTIGATIONS 
The Lower Silesian kaolins differ considerably in their Fe and Ti content. 
In various deposits and even in various samples from the same deposit the Fe — Ti 
proportion in the particular grain fractions varies. The Fe203, FeO and Ti0 2 content 
in the selected grain fractions of the primary and secondary kaolins is given in 
Table 1. A tendency to increase of Fe and Ti content with decreasing grain diameter 
is very remarkable in secondary kaolins which is a general phenomenon. This per-
tains also to the primary kaolins but in many samples there are some deviations from 
that rule which is expressed by two maximas of the Fe and Ti concentration [WIEWIORA 
1973, SZPILA, 1976a]. This proves that both elements occur in at least two various 
mineral forms. In the kaolin from the Maria III deposit Fe occurs in form of fine, 
oval grains of diameter less than 0.1 p.m bound in chain-like concentrations (Plate 
1/1). Microprobe analyses of those concentrations proved that those are oxides as 
asides of very strong bands of X-ray radiaton of iron there were only weak maximas 
of Si, Al, and Mn that are due to impurities (Fig. la). In fine fraction of the primary 
kaolin from the Boleslawice deposit the presence of iron has been stated in form 
of isometric sulphide grains resistant to HF (Plate I, 2. Fig. lb). Titanium minerals 
are relatively easily recognizable under electron microscope which pertains mostly 
to most common in kaolins anatase and rutile because of their characteristic idiomor-
phic shapes and total resistance to HF (Plate I, 3,4, 5,6). Microprobe analysis of those 




Content of the iron and titanium in the Lower Silesian kaolins (weight %) 
Deposit; number of 
the sample, fraction 
in ftm 
Fe 2 0 3 FeO Ti0 2 Total 
Boleslawice 
1. < 2 0,75 0,32 0,09 1,17 
2—5 0,96 0,05 0,08 1,09 
2. -= 2 2,44 0,30 0,08 2,82 
2—5 1,77 0,14 0,09- 2,00 
Wyszonowice 
1. «= 2 1,43 0,09 0,79 2,31 
2—5 1,79 0,07 1,10 2.96 
2. . < 2 1,34 — 0,25 1,59 
2—5 1,15 — 0,67 1,82 
Maria III 
1. industry washed sample 0,57 — 0,58 1,15 
Czerwona Woda 
1. < 3 0 0,86 — 0,61 1,47 
30—60 0,44 — 0,46 0,90 
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Fig. 1. X-ray images of accessory minerals of the kaolins 
a) iron oxides in the Maria III kaolin (grain presented Plate 1,1), 
b) iron sulphide in the Boleslawice kaolin (grain presented on Plate I, 2), 




1. Maria III kaolin. Fine concentrations of iron oxides against the background of kaolinite flakes 
(suspension) 
2. Boleslawice kaolin. Iron sulphide among the kaolinite flakes (replica) 
3. Maria III. kaolin. Kaolinite, anatase, phosphates (replica) 
4. Maria III kaolin. Rutile grain (replica) 
5. Maria III kaolin. Kaolinite, mica, phosphates,, anatase and rutile (replica) 
6. Maria III kaolin. Kaolinite, mica, phosphate, anatase, rutile (replica) 
Presence of many trace elements has been stated in the Lower Silesi?n kaolins. 
Their forms of occurrence are not known so far, althoi gh they may influence the 
colour and whiteness of the kaolins [SZPILA, 1976a, b]. Those are fiist of all metals 
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of transition groups (Mn, Cr, V, Ni, Cu, Pb) present in kaolins in much smaller 
quantities then Fe and Ti but exhibiting strong chromophorus character. Other trace 
elements such as e. g. Sr, Ba and Zr may influence the whiteness of kaolins particularly 
so after firing. 
Particular attention has been given to Pb, Sr and Ba as these elements occur in 
increased quantities in the kaolins, 10 to 20 times larger than other trace elements 
(Table 2). Lead, strontium and barium show distinct tendency to concentrate in 
fine fractions of the kaolins which is well discernible in secondary kaolins. In the 
primary kaolins the distribution of the above elements into fractions is not always 
TABLE 2 
Lead, strontium and barium content in the Lower Silesian kaolins (in ppm) 
Deposit, number of 
the sample, fraction 
in fim 
Pb Sr Ba 
Boleslawice 
I. <=2 1000 290 530 
* 2—5 .300 60 230 
2. < 2 120 67 v 170 
2—5 . 70 31 160 
Wyszonowice 
1. < 2 1000 70 220 
2—5 1000 100 500 
2. < 2 32 50 150 
2—5 38 42 110 
Maria 111 
1. industry washed sample 652 749 271 
< 2 . 920 360 420 
2—5 200 270 300 
2. 5—15 180 210 230 
15—30 39 110 200 
- 30—60 37 140 210 
Czerwona Woda 
1. < 3 0 750 610 270 
30—60 100 55 -25 
< 3 0 1000 440 280 
2. 30—60 210 54 33 
consequent. This pertains particularly strontium and barium as well as kaolins of 
low kaolinization degree, in which sometimes two maxima of concentration can be 
noted. 
In the studies carried out so far it has been assumed that those elements occur 
in kaolins in adsorbed form on the surface of kaolins and other clay minerals or in 
form of admixtures in non decomposed minerals of parent rocks. 
Recent studies have shown that the high content of Pb, Sr and Ba is associated 
with the occurrence in kaolins of their own minerals of the goyazite SrAl3(P04)2(OH)5 • 
• H 2 0 and plumbogummite PbAl3(P04)2(0H)5 • H 2 0 type. These minerals belong to 
hydrated basic aluminum phosphates rarely found in nature (aluminum can be partly 
substituted by iron and or strontium, barium, calcium, cerium and other divalent ele-
ments). Because of their similarity in chemical composition and structure they are treat-
ed together with alunites with which they can form solid solutions [KASZKAJ, 1970.] 
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PLATE III 
PLATE I I 
7. Maria III kaolin. Phosphate grains among kaolinite flakes (suspension) 
8. Maria III. kaolin. Phosphate grain (suspension) 
9. Maria III kaolin. Phosphate grain with attached kaolinite flakes (suspension) 
10. Maria III kaolin. Phosphate grain partly etched (replica) 
11. Czerwona Woda kaolin. Phosphate grain, partly etched (replica) 
12. Maria III kaolin. Phosphate grain almost completely etched (replica) 
Grains of phosphate minerals have been found in preparates of fine fractions in all 
secondary and primary kaolins. In suspension preparates they are opaque for electron 
beam. In secondary kaolins their sections are close to squares or rectangles sometimes 
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with truncated corners and are similar to anatase from which they are easily distin-
guishable as they are less resistant to HF (Plate II, 7—12). In the primary kaolins the 
phosphates are less regular and frequently form aggregates (Plate III, 13—16). The 
phosphates are gradually dissolved in HF which can be observed on Plate II, 10—12. 
Fragments preserved inside the replicas of not completely dissvoled phosphate 
grains allowed to obtain electroncgrams the interpretation of which proved earlier 
identification. 
The X-ray images of those minerals are presented on Fig. 2. Aluminum and 
phosphorus are the main elements of the analysed grains. Beside them there are 
strontium, lead, barium, calcium, cerium, lanthanum and arsenic. Out of those 
elements only Sr and less abundant Ca and Ce were present in all analysed grains. 
Lead has been stated in several grains in variable quantities, and it should be mention-
ed that this element replaces strontium. In samples of high strontium content the 
lead lines are usually weak (Fig. 2a), whereas in samples in which lead is the domi-
nant element the strontium occur in subordinate quantities (Fig. 2b). In samples is 
which both the strontium and lead are present in small quantities the content of 
cerium increases distincly (Fig. 2c) i. e. florencite appears — CeAl3(P04)2(0H)6. 
The X-ray images shown in Fig. 2 of selected grains of phosphate minerals deriv-
ed from various kaolins seem to point that we have here several mix-crystals com-
/ 
Fig. 2. X-ray images of phosphate minerals in the kaolin 
a) phosphate in the Czerwona Woda kaolin (grain presented on Plate II, 11), 
b) phosphate in the Maria III kaolin (grain presented on Plate II, 8), 
c) phosphate in the Boleslawice kaolin (grain presented on Plate III, 13) 
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PLATE III 
PLATE I I I 
13. Boleslawice kaolin. Aggregate of phosphate minerals (supension) 
14. Boleslawice kaolin. Aggregate of phosphate minerals (replica) 
15. Wyszonowice kaolin. Kaolinite, halloysite, phosphates (suspension) 
16. Wyszonowice kaolin. Kaolinite, halloysite, micas, anatase and phosphates (replica) 
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Fig. 3. X-ray diffractogram of < 4 /;m fraction of the Maria III kaolin 
K — kaolinite, M — mica, Q — quartz. P — phosphate, A — anatase. 
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posed of goyazite (Sr) — plumbcgummite (Pb) — florencite (Ce) — gorceixite (Ba). 
The lanthanid elements and cerium in particular are present in all analysed phosphates 
but their X-ray maxima are distinctly stronger than those of primary kaolins. 
Presence of phoshates in the kaolin fracticn <4 /jm enriched in accessory 
minerals by means of flocculaticn methcd has been proved by X-ray analysis on the 
basis of diffraction lines of interlayer distance 5.72, 2.96, 2.205, 2.197 and 1.750 A 
(Fig. 3) [SZPILA, DZIERZANOWSKI, 1977]. All the above mentioned reflections coincide 
with the data of minerals of the wocdhousite and crandallite group [ J C F D S , 1972). 
The origin of the phosphate minerals in kaolins is not easy to explain. Peculiar 
physico-chemical conditions are necessary for their origin in which aluminum that 
is inert in hypergenic environment could pass into the solution and then precipitate 
in form of phosphates. Phosphorus and the remaining trace elements could have been 
present in sufficient quantities in every environment although their association with 
the volcanic activity cannot be excluded. Basic volcanism was intense in the area of 
Lower Silesia during the Tertiary, i. e. during the period in which the processes of 
kaolinization were intense. 
Hydrophosphate of aluminum and barium — gorceixite — has been stated 
in kaolinite clays of the Bohemian Highland where its origin is associated with the 
argillitization of eruptive rocks [POVONDRA, SLANSKY. 1066]. Related to the above 
mentioned phosphates alunites commonly occur in products of kaolinization of 
eruptive rocks [GARD, 1971, MARTIN-VIVALDI, 1963]. Initial investigations carried 
out by the present authors prove the occurrence of phosphate minerals also in some 
kaolins from the Czechoslovakian and East German deposits. It can be assumed that 
the high Ba, Sr, Pb, Cu and P content in the Bavarian kaolins from the Hirschau-
Schnaittenbach deposits found by KOSTER [1978] is associated with the occurrence 
of the above phosphates. 
The occurrence of Sr, Pb and Ba in form of own minerals resistant to various 
chemical agents explains considerable inertion of these elements in the processes of 
chemical bleaching of the kaolins [SZPILA, 1976a]. The find of minerals of the goyazite, 
plumbcgummite and florencite type in the primary and secondary kaolins is of great 
importance in tracing the geochemical migration of these elements in the hypergenic 
processes. It may be assumed that under certain conditions the phosphate ions as it 
the case with the sulphide ions, influence the elimination of considerable quantities 
of Sr, Pb, Ba, Ca, Ce and other elements from the geochemical migration. 
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